This article identifies preferences of US cow-calf producers for voluntary traceability systems to better identify the potential success of alternative voluntary traceability systems. Results suggest that notable heterogeneity exists between cow-calf producers in their preferences and the welfare effects of mandating traceability adoption. Producers are sensitive to price, managing entity and information requirements. We provide forecasts of voluntary participation rates under different price premium and discount scenarios that producers may face. This analysis has policy implications as success of voluntary traceability systems hinges critically upon cow-calf producer preferences.
animal identification below expectation (USDA-APHIS, 2008a) . USDA estimates show that only 35% of producers register their premises, which is the minimal requirement for participation in NAIS (USDA-APHIS, 2009 ). This creates a critical need we aim to meet in this article in identifying producer preferences and determining how traceability systems could be designed and promoted to improve voluntary participation rate. 2 Any voluntary system hinges critically on the preferences of potentially participating parties. As cow-calf producers are the foundation of the beef supply chain, their preferences in the design of an individual animal traceability system are critical (Schulz and Tonsor, 2008) . According to Souza Monteiro and Caswell (2004) , 'four patterns of adoption are evident in the major producing and trading countries: adoption of mandatory systems in response to consumer concerns (EU and Japan), imposition of mandatory traceability to maintain or enhance export shares (Australia, Brazil, and Argentina), industry managed mandatory programs for animal identification (Canada), and voluntary systems (United States)' (p. 7). Furthermore, in case studies of beef firms employing traceability located in France, Holland, Germany, Norway and Scotland, Buhr (2003) states, 'When case participants were asked why they adopted traceability, the first response in every case was, ''Consumers demanded to know where their food came from and how it was produced'' ' (p. 14) . Surprisingly, very little research has examined preferences of US cow-calf producers regarding traceability systems. This is a substantial gap from a public policy standpoint. For example, NAIS has a stated goal of improving the USA's disease response capabilities, limiting the spread of diseases, minimising animal losses and economic impacts, protecting producers' livelihoods and maintaining market access (USDA-APHIS, 2008b) . However, the effectiveness of NAIS in its current form is dependent upon voluntary participation of livestock producers. Golan et al. (2004) report the existence of several beef traceability systems in the USA, although current traceability systems have been mainly private and market driven. 'There are currently no mandatory beef traceability systems in the U.S.' (Souza Monteiro and Caswell, 2004, p. 20) . As a result, differences exist between traceability systems developed by private firms and those mandated or influenced by public authorities (Souza Monteiro and Caswell, 2004) . Moreover, the USA may be lagging behind other countries in adoption of livestock traceability systems, thereby, decreasing its competitiveness in the global beef market (Tonsor and Schroeder, 2006) . This can be attributed to the low adoption of traceability systems by the cow-calf sector, as efficient and effective traceability systems allow for trace back to the point of origin.
The primary objective of this article was to examine cow-calf producer preferences for voluntary traceability systems. Our analysis involves evaluating how sensitive producer preferences are to premiums and discounts, the entity in charge of data maintenance and the amount of information required for producer participation. Identification of cow-calf producer preferences allows forecasting voluntary participation rates under different scenarios producers may face. Producer welfare effects of imposing mandatory traceability are also provided. This study is the first known evaluation aimed at improving understanding of how design of an individual animal traceability system impacts voluntary participation by producers and of the corresponding welfare effects.
The remainder of the article is organised as follows. First, a review of previous research is presented to highlight the need for further analysis. The next section shows the methods used for producer-level data collection, the layout of the conceptual random utility model, and discussion of estimated multinomial logit and latent class models (LCMs). Producers' willingness-to-change (WTC) traceability system attributes, forecasts of alternative traceability system participation and producer welfare effects are then examined. The final sections provide a discussion of implications and conclusions.
Previous Research
The NAIS was initiated to enhance previous disease programmes through the establishment of standards that could be used for all state and federal disease programmes in the USA. The focus of NAIS is on animals that enter commerce, that is, those animals that move from their farm and ranch to markets and ⁄ or locations where they co-mingle with animals from other premises (Cattle Network, 2008) . According to Murphy et al. (2009) , 'NAIS was originally designed as a mandatory program, but due to strong opposition, the USDA changed directions and published a revised ''User Guide'' in November 2006, which stated that NAIS would become a voluntary program at the federal level' (USDA- APHIS, 2007, p. 3) . The NAIS is the broadest and most comprehensive effort ever launched in the USA to enhance the ability to quickly identify and contact animal premises, promote animal identification and develop animal movement and tracing capabilities (Schroeder et al., 2009) .
Several studies have compared current traceability systems that exist in the global beef market. According to Murphy et al. (2008) , 'North America recognizes that systems that can protect the integrity of national livestock populations, as well as strengthen consumer and export market confidence in meat products are becoming prerequisites to international trade' (p. 284). For example, Murphy et al. (2009) state 'the existence of the Canadian Cattle Identification Agency (CCIA) sends a very clear message to the world that Canada takes identification and traceability of its animals very seriously' (p. 8). Tonsor and Schroeder (2006) argue that the US beef industry lags behind Australia in animal traceability. Along these same lines, Smith et al. (2005) reported that the USA is 'lagging behind many countries in developing traceability systems for food in general and especially for livestock, and their products ' (p. 174) . Souza Monteiro and Caswell (2004) present evidence that EU, Japan, Australia, Brazil, Argentina and Canada lead the USA in beef traceability systems. Bailey (2007) demonstrates the USA has a weaker beef traceability system than Uruguay, Argentina, the European Union and Australia. Collectively, these studies suggest that traceability adoption in the USA is falling behind other leading beef-producing countries. Although there exists a significant body of literature comparing traceability systems and identifying shortcomings, better identification of the potential success of alternative voluntary traceability systems that could exist in the beef industry is needed.
Past research has sought to analyse consumers' preferences towards voluntary traceability (Dickinson and Bailey, 2002; Dickinson et al., 2003) . This work has primarily been done through experiments where consumers bid on products that are labelled with differing levels of traceability. The key point to take from these analyses was that traceability, while receiving positive bids, was the least valued of the three individual characteristics presented to consumers (i.e. animal welfare, food safety and traceability). Dickinson et al. (2003) suggested that traceability should be bundled with other characteristics that could be verified with traceability when food products were marketed with these characteristics.
In response to beef safety issues 'the EU has developed a system for identification and registration of cattle and a compulsory traceability and labeling system that allow the flow of product information throughout the supply chain' (Gracia and Zeballos, 2005, p. 45) .
3 Gracia and Zeballos (2005) evaluated whether the beef supply agents recognised benefits from the implementation of the traceability system. Perceptions of the new traceability regime were mostly consistent amongst consumers and retailers. Consumers and retailers commented that the new mandatory traceability programme led to higher beef prices and is unnecessary because the quality and safety of beef was already adequate before the system was developed; whereas consumers believed the new system increased consumer safety perceptions and confidence and retailers believed benefits were accrued by consumers, retailers and the rest of the players in the beef supply chain (Gracia and Zeballos, 2005) .
There has been little research on producers' preferences concerning voluntary traceability. This is especially important when attempting to implement individual animal traceability and maximise participation rates of these systems as the views of these producers will most certainly impact the success or failure of these efforts. A few recent economic studies have addressed beef industry perceptions regarding traceability. Buhr (2003) focused on the economics of information systems by investigating six European organisations, two of which involved the beef supply chain, employing traceability programmes. 4 Participants of this study, 'report that traceability often has internal production benefits from improved information and control of production even though traceability has generally been couched as a supply chain management issue driven by consumer demand' (Buhr, 2003, p. 17) .
The only known economic study examining beef industry perceptions and preference in the USA is Bailey and Slade (2004) who conducted a survey to measure the level of support among a small sample of state veterinarians and producer group representatives. They examined how support for a specific animal identification proposal (US Animal Identification Plan, USAIP) varied based on concerns about animal health and the perceived costs and benefits accrued to different levels of the marketing chain. The study found that 'over 90% of state cattle producer association respondents indicated support for a national cattle identification program; whereas only 41% indicated that they supported the USAIP' (Bailey and Slade, 3 Since 1 January 2002, the label contains information on the animal's origin, in particular where the animal was born, fattened, and slaughtered' (Gracia and Zeballos, 2005, p. 45) . 4 The two participating entities from the beef supply chain were Scase-Intentia ⁄ Gilde, a lamb, pork and beef supply chain in Norway; and Scotbeef, a beef production system in Scotland. The traceability systems employed by these entities extended from the feed manufacturing process through retail (Buhr, 2003). 2004, p. 13). The lack of confidence in initial programmes, as indicated by the 41% in favour of the USAIP, documents the need for determining the most important attributes of voluntary traceability systems to aid in design and promotion of a more acceptable traceability system. This article reports on the results of random utility multinomial logit and latent class logit models that examine producers' preferences for alternative traceability systems, using a national sample of producers characterised by preference heterogeneity. Incorporating and understanding preference heterogeneity provides valuable information on the distributional effects of traceability policy alternatives and better explains the current situation of partial (±30%) NAIS participation (USDA, 2008a) . Accordingly, this study will be beneficial in future management of NAIS, and related animal traceability systems, as it provides insights into why producers participate in voluntary traceability systems and estimates producer welfare effects associated with mandating traceability.
Methods
As producer-level data are not publically available, collection of primary data was necessary. We developed a survey for US cow-calf producers to complete which provided us with the producer-level data necessary to estimate the logit models. The survey was designed to obtain information from US cow-calf producers regarding demographics, production practices, perceptions regarding traceability and potential beef traceability systems.
5 Questions regarding producer's age, years raising beef cattle, estimated annual pretax income, NAIS premises registrations, marketing methods and number beef cows that calved were asked to better understand the characteristics of the cow-calf producers and their operations. More in-depth questions concerning cow-calf producers' perceptions of important issues and concerns to the US beef industry when designing a national, individual animal traceability system were then asked to capture the most important issues and concerns of cowcalf producers. A choice experiment (CE) was utilised to simulate real-life situations in which cow-calf producers choose between alternative traceability systems.
A total of 2000 (1998 effective) surveys were mailed to cow-calf producers (selected on an nth name basis by BEEF Magazine) throughout the USA. BEEF Magazine was used as its mailing list provided us the most extensive candidate sample available. Moreover, producer magazines have been used in other projects seeking producer-level survey data (Davis and Gillespie, 2007) . The surveys were first reviewed by beef industry representatives and animal science faculty and updated to reflect their suggestions prior to mailing. A $1 bill was included in the survey to potentially increase participation and response (Gregory, 2008) . Post cards reminding producers to complete the survey were sent two weeks after the initial mailing with an Internet link to a survey being made available.
Summary statistics of survey respondents and their operations are provided in Table 1 . The respondent pool provided 609 useable surveys (30.48% effective response rate).
6 Our sample has 41% (weighted data) indicating they have registered their premises with NAIS, which is reasonably consistent with current USDA estimates of 35% (USDA, 2009). The random selection of producers to receive the survey allowed equal opportunity for selection regardless of participation in various farm organisations; however, given that BEEF Magazine subscribers traditionally have herd sizes greater than 100 animals, the sample was not expected to be completely representative of the diverse population of US cow-calf operations. Notes: Values in parentheses are standard deviations. *Sample means prior to application of weights that adjust sample characteristics to match NASS cow-calf operation numbers. Means calculated using weights that adjust sample characteristics to match NASS cow-calf operation numbers.
As expected, cow-calf operations within our sample were larger than the general US cow-calf operation numbers as reported by the National Agriculture Statistics Service (NASS). To correct for the differences in the sample and the population, poststratification weights were created based on 2007 beef cows that calved per operation data from NASS. We chose this variable because beef cows that calved per operation are likely to be highly related to producers' demographics and production practices. Following Lusk and Rozan (2008) to create weights, we placed each respondent into one of five operation size categories.
7 Weights were created by dividing the frequency of US cow-calf operations in each of the five size categories (as reported by NASS) by the fraction of cow-calf operations in the survey sample that fell in each of the five categories. To illustrate the effect of the weights on results, Table 1 reports weighted and unweighted means and standard deviations of producer' demographics and other variables used in the analysis. Once weights were applied to the data, the mean beef cows per operation match those of the US herd sizes. As the weighted statistics are more reflective of the actual population and corrected imbalances in sampling ratios from the general population to the sample, all results reported in the remaining analysis utilise the derived weights.
The survey contained a CE in which producers made choices between traceability systems with varying levels of premiums or discounts, managing entities and information required (e.g. age verification, production practice information, performance ⁄ genetic information and health records). Each respondent completed a CE designed to best resemble current and potential traceability systems within the beef industry while avoiding being overly complex for respondents . Here, the primary purpose of the CE is to help determine producers' WTC, accept premiums or discounts, to voluntarily participate in a given traceability system. In other words, producers were asked how much they would need to be compensated in order to participate in a system with differing levels of participation requirements.
Choice experiments permit multiple attributes to be evaluated, thereby allowing researchers to estimate trade-offs between different alternatives . An orthogonal fractional design (Kuhfeld et al., 1994) was used to select scenarios in which premiums ⁄ discounts are uncorrelated, and which allowed for identification of own-price and alternative specific effects. This process also allowed the CE to be of reasonable size for survey participants. Furthermore, following the lead of Tonsor et al. (2005) , the CE was divided into blocks to ease respondent fatigue.
In this CE, cow-calf producers were presented with a set of four different choice scenarios, each of which involved choosing a preferred alternative from three different traceability systems. 8 The three traceability systems included: (i) NAIS Traceability; (ii) Advanced Traceability and (iii) No Traceability (see Appendix for descriptions). As recommended by Adamowicz et al. (1998) , a no-choice option was presented to participants because this is an obvious option currently available to producers. Moreover, inclusion of a no participation scenario allows us to examine welfare effects of mandating traceability.
The attributes included in the CE design were: (i) premium or discount per animal sold; (ii) managing entity and (iii) additional information required by Advanced Traceability participation (Appendix presents the complete set of CE instructions and attribute definitions). An example choice scenario included in the CE is shown in Table 2 .
The CEs were hypothetical; however, our instructions specifically stated, 'Research studies have found people to overstate their willingness to participate (or accept discounts) in hypothetical situations. It is important that you make your selection as if you were actually facing these choices'. This cheap talk script was included before the scenarios, and has been shown to reduce hypothetical bias in CE research (Cummings and Taylor, 1999; Lusk, 2003) .
The additional information requirements for Advanced Traceability participation were purposely not overly specific as doing so would have limited the scope of this study (e.g. required valuation of fewer attributes and ⁄ or levels) and reduced the applicability of certain practices to particular producers. However, we do acknowledge that different perceptions of producers in the requirements of these traceability system attributes probably affected their willingness to participate. As such, all of our conclusions are strictly based upon producer responses to the information provided to them. More work is needed to evaluate issues such as preferences for alternative methods of providing age verification or different levels of performance information.
Choice modelling: Multinomial logit and latent class specifications 9
Data obtained through CEs has traditionally been analysed using multinomial logit (MNL) models (e.g. Lusk et al., 2003) . Multinomial logits estimate producer random utility (Adamowicz et al., 1998; Lusk et al., 2003) which can be characterised by equation (1):
where U jt is the utility associated with alternative j in choice scenario t, v jt is the systematic, observable component of utility determined by attributes and their values and e jt , is a random, unobservable component of logit models, independently and identically distributed over all alternatives and choice situations. A producer will choose alternative j if U j ‡ U k for all j " k. So, the probability that alternative j will be chosen is equal to the probability that the utility gained from its choice is greater than or equal to the utilities of choosing another alternative in the choice set. However, as these utilities contain a stochastic component, researchers can only describe the probability of producers choosing alternative j as (Adamowicz et al., 1998; Boxall and Adamowicz, 2002) :
where C is the choice set of all possible alternatives. Assuming the random errors in equation (1) are independently and identically distributed across the j alternatives and N individuals with a type I extreme value distribution, Adamowicz et al. (1998) , Boxall and Adamowicz (2002) and Lusk et al. (2003) have shown that the probability of a producer choosing alternative j becomes:
where l is a scale parameter, which is inversely related to the variance of the error term and b is a vector of parameters. According to Lusk et al. (2003) the scale parameter, l, is typically assumed equal to one because it is unidentifiable within any particular dataset. Assuming the systematic utility component v j is linear in the parameters and follows the generalised regression specification leads to:
where x jn is the nth attribute value for alternative j and b n is a vector of preference parameters associated with the nth attribute of the jth alternative. Multinomial logit models assume that all respondents share the same coefficients for a given attribute. That is, all respondents are assumed to have the same preferences for attributes, an assumption which may be unrealistic if producers' preferences are in fact heterogeneous.
A latent classification strategy assumes that producers can be separated into different classes such that producers within each class have homogeneous preferences but that preferences vary across producers from alternative classes (Boxall and Adamowicz, 2002) . Thus, this process groups producers with relatively homogeneous preferences based on similarities in their utility functions. Boxall and Adamowicz (2002) describe the latent class approach as assuming the existence of s segments in a population where individual n belongs to segment s (s = 1,…, s). The LCM estimates a utility function unique to each producer segment, which can be expressed:
In this expression the utility parameters are now segment specific. The probability of a producer choosing alternative j is:
where the bs and ls are segment-specific utility and scale parameters, respectively.
Willingness to change
Individual coefficients estimated in random utility models have little interpretive value. However, in each model relative combinations of select coefficients provide economically meaningful insights into producer preferences. Accordingly, we follow Nahuelhual et al. (2004) and Rigby and Burton (2005) to identify how willing producers are to change traceability system attributes. In particular, the willingness of producers to change is calculated for each non-price traceability system attribute at the means of each model's explanatory variables. These calculations are generally given by.
where MU is the mean marginal utility of traceability systems and system attributes and MUI is the marginal utility of income (proxied in our calculations with the premium or discount coefficient). Here, we use the term WTC to generally capture both willingness to pay (WTP) and willingness to accept (WTA) terms more common in the literature. We do this as our inclusion of a premium ⁄ discount variable makes calculation of both WTP and WTA estimates feasible and important. In short, WTP identifies the premium producers would pay to obtain a preferred attribute, whereas WTA identifies how much producers would accept as discounts to maintain their selection of a preferred attribute. Both WTP and WTA are calculated by equation (7). To determine if the estimated average WTC estimates in each model are statistically different from zero, a Krinsky and Robb (1986) bootstrapping procedure was employed to develop confidence intervals on the WTC estimates. Bockstael and Strand (1987) have emphasised that the parameter estimates used to calculate welfare measures are themselves random variables; thus, the Krinsky-Robb technique used here to develop confidence intervals for the WTC measure accounts for the variability associated with all the estimated coefficients and is based directly on the logit specification for the choices of respondents. The Krinsky and Robb approach uses the information on the distribution ofb contained in the variance-covariance matrix to approximate the distribution of WTC (Park et al., 1991) .
Voluntary participation forecast analysis
Utilising equations (3) and (6) we can identify the probability of a producer choosing a given alternative under differing premium and discount pricing schemes. This allows us to investigate how selections change as premiums for Advanced Traceability participation or discounts for No Traceability appear as free-market incentives. Following Alfnes (2004) and Norwood et al. (2006) , we use these probabilities as market share estimates.
Producer welfare analysis
In contrast to allowing the market to provide incentives, it is quite possible that the regulatory environment could change causing producers to adjust their traceability practices, regardless of market prices. For instance, it was originally intended that mandatory participation in NAIS was to be law (USDA, 2008a) . Accordingly, a prudent question to ask is how producers would be impacted if No Traceability was no longer an allowed option?
We estimated the welfare effects producers would experience given two alternative scenarios: (i) removal of No Traceability and (ii) removal of both No Traceability and Advanced Traceability from producer choice sets. The first scenario represents the case of some level of traceability being mandated but not necessarily NAIS participation. This may reflect the USDA taking a position of cooperation with private traceability systems to increase overall traceability, without necessarily forcing NAIS participation. The second scenario reflects the possibility of non-NAIS traceability systems being viewed as either incompatible or insufficient and NAIS participation being mandated. Both scenarios restrict producers' choice sets and hence have welfare impacts worthy of evaluation. Small and Rosen (1978) and Morey (1999) show that expected maximum utility from making a choice from a particular choice set is given by:
where K is Euler's constant and V j is as previously defined. The welfare change that occurs when moving from one situation given by CV 0 to a situation given by CV 1 is:
1=ðMarginal utility of incomeÞ Â ½ðCV 1 Þ À ðCV 0 Þ:
The welfare measure accounts for the fact that producers are currently free to choose No Traceability and that actual choices are uncertain. These measures also capture producer valuations of autonomy and reflect more than simple differences in perceived costs (Key, 2005) . This calculation represents that most producers would be willing to pay per choice occasion to face the choices in situation 1 vs. situation 0 (Lusk et al., 2006) . Alternatively, this estimates the welfare impacts of forcing some traceability option (either NAIS or private) or forcing mandatory NAIS participation.
Results
Estimates of the multinomial logit and LCMs are provided in Table 3 . The MNL model is rejected in favour of the LCM model (per likelihood ratio tests) but is presented as a benchmark comparison of results when assuming homogeneous preferences. When assuming homogeneity, the representative producer is found to prefer No Traceability to NAIS, and NAIS to Advanced Traceability, probably reflecting the perceived costs of the three options. However, interpretation of individual coefficients must be done with caution and is generally discouraged in random utility models (Scarpa and DelGiudice, 2004) . Following Boxall and Adamowicz (2002) for the identification of the number of classes to be used in this analysis, we minimised the Bayesian information criterion (BIC), which leads to the three-class model. Inclusion of demographics in the LCM allows for further examination of the types of producers valuing NAIS, Advanced Traceability and No Traceability options differently. Producers with premises registered in NAIS are more likely to be in class 1 (47% of producers) and prefer Advanced Traceability to NAIS and NAIS to No Traceability. Producers Table 3 Model estimates We are particularly interested in estimates of producers' WTC estimates, which are provided in Table 4 . The homogeneous MNL model implies, ceteris paribus, that the representative producer would accept a $2.53 per animal discount before being indifferent between No Traceability and NAIS and would require a $10.59 per animal premium to participate in the Advanced Traceability system rather than NAIS. The MNL model also suggests that producers must receive a premium of $0.57 or $7.59 per animal in a traceability system with private-industry management or private management outside the industry, to make them indifferent to having government management, respectively.
Representative producers must be paid $38.53 and $36.23 per animal, respectively, in a system seeking age verification to make them indifferent between providing age verification and providing production practice or performance ⁄ genetic information in an alternative system. An opposing result is that producers will accept discounts (relative to alternative traceability systems) of up to $45.37 per animal before they will participate in a system requiring health records rather than a system solely requiring age verification. In summary, an implied preference ranking of these additional information attributes for the typical producer is: (i) production practice information, (ii) performance ⁄ genetic information, (iii) age verification and (iv) health records. Although these are marginal values for providing different types of additional information, little is currently known about the actual costs of their provision an issue worthy of future research.
The WTC estimates from the LCM reveal additional insights into preference heterogeneity. Class 1 (Premises Registered) producers would pay $2.96 per animal to participate in NAIS rather than select No Traceability and would require a $7.71 per animal premium to participate in the Advanced Traceability system rather than NAIS. These producers would need a premium of $31.75 per animal to be indifferent to a traceability system that is managed by the government or privately outside the industry. Producers in this class would also require a $18.57 and $28.21 per animal premium to provide age verification as opposed to production practice information or health records, respectively. Producers in class 2 (Premises Not Registered) are estimated to have the strongest preferences for No Traceability. In particular, the model suggests discounts of $118.52 per animal would be accepted before producers would switch to NAIS from No Traceability. Producers in this class prefer managing entities to be private, either within or outside the industry and would require premiums of $9.98 and $17.41 per animal, respectively, to be indifferent to a traceability system being managed by the government. Furthermore, producers in this class are estimated to need $151.16 and $208.05 per animal premiums to provide age verification as opposed to production practice or performance ⁄ genetic information, respectively.
The sheer magnitudes of these estimates for class 2 warrant additional discussion. First, the overall utility function for these producers is consistent with a desire to not participate in traceability systems, to avoid government interaction, and to provide as little extra information as possible. This corresponds with the high Table 4 Producer willingness-to-change estimates MNL LCM -three-class model 
Notes:
Estimates are $ per animal and simulated 95% confidence intervals (identified using 1,000 Krinsky-Robb simulations) are presented in brackets. Please refer to section 2.2 for the discussion regarding willingness to change.
probability of these producers not having their premises currently registered with USDA (Table 3) . These inferences may also reflect 'protest responses'. 10 For instance, Boyle (2003) suggests respondents may provide protest answers in a strategic move hoping to change the provision of the good in question. In our context, producers in class 2 may be exaggerating their preferences with the goal of influencing policy they believe may be informed by this research. Although unable to identify the particular reasons underlying the magnitudes stated by these producers, we are confident that these producers strongly dislike the idea of traceability participation in general, and cooperation with government entities in particular.
The third set of producers (Auction Users) are estimated to have the strongest preferences for not adopting Advanced Traceability. In particular, the model suggests premiums of $17.32 per animal would be necessary before producers would switch from NAIS to Advanced Traceability. Conversely, these producers are rather indifferent between NAIS and No Traceability participation ($0.50 per animal difference). These producers prefer the managing entity to be private and within the industry and would require a premium of $2.06 per animal to be indifferent between private-industry and government management. Producers in this class would require $12.65 and $29.19 per animal premiums to provide age verification as opposed to production practice or performance ⁄ genetic information, respectively. Given a premium of $29.11 per animal, these producers would be indifferent to providing health records or age verification.
In summary, cow-calf producers are notably heterogeneous in the preferences for traceability systems and their WTA discounts to sustain participation in their preferred traceability programs. To assess the implications of these producer preferences on the industry at the national level, we now turn to examining their impact on likely participation rates in different traceability systems as well as the producer welfare impacts of alternative policy scenarios.
Forecasts of voluntary participation rates
Premise registration, the foundation of NAIS, was originally targeted for 100% compliance by 2009, but the USDA conceded that due to the voluntary nature of NAIS the original targets were unattainable (USDA, 2007) . USDA (2008a) currently has goals for NAIS participation of 35% and 60% of the 2008 calf crop by October 2009 and October 2010, respectively. Without mandating, producers will be slower to adopt and fewer will adopt identification and tracing technology (Schroeder et al., 2009). Thus, the long-term goals of NAIS participation are probably unattainable, as slow and small adoption rates make it difficult, especially for smaller firms in industry, to know what direction to head in terms of adding or not adding animal identification and recording services (Schroeder et al., 2009) .
To assess the viability of these goals, we first identify the forecasts implied by our models at the mean of all variables. Second, we consider varying the premium for Advanced systems and the discount for choosing No Traceability to examine how traceability choices vary given alternative free-market price incentives in the current legislative environment of voluntary traceability.
The MNL model is again presented as a benchmark comparison of forecast, as an example of homogeneous producer preferences. Using MNL estimates and holding all traceability attributes at their mean values (Figure 1 ) producers are 26.2% likely to participate in NAIS, 17.2% likely to participate in Advanced Traceability and 56.6% likely to choose No Traceability. It should be noted that this estimate of 26.2% NAIS participation is rather consistent with current USDA statistics (USDA, 2008a). The LCM estimates provide forecasts for distinct producer classes. Producers in classes 1-3 are 21.2%, 0.4% and 90.4% likely to participate in NAIS, respectively, and 21.7%, 98.9% and 9.6% likely to choose No Traceability (Figure 1) .
To assess how producers may update their traceability choices in a market characterised by different price incentives, we also examined increasing premiums in Advanced systems and discounts for choosing No Traceability. Figure 2 shows that the MNL model implies a $27 per animal premium for Advanced Traceability participation in order to reach a goal of 60% traceability participation (either in NAIS or Advanced).
11 On the other hand, Figure 3 shows that a $16 per animal discount for not participating in any traceability system would achieve the 60% goal.
Utilising the LCM estimates and varying the premium for Advanced Traceability participation, Figure 4 shows that producers in class 1 would already have 75% participation in NAIS or an Advanced system with no premium at all; producers in class 2 would require a premium of $116 per animal for participating in an Advanced system before 60% would be identified, whereas producers in class 3 already have 90% participation in NAIS or an Advanced system with no premium at all.
Varying the discount for non-participation in any traceability system ( Figure 5 ) shows that producers in class 1 would have 73% participation in NAIS or an Advanced system with no discounts; producers in class 2 would need to be discounted $106 per animal for non-participation before 60% would be identified, whereas producers in class 3 would only require discounts of $0.10 per animal before the goal of 60% identified. Collectively, this suggests voluntary participation in traceability programmes deemed undesirable to the representative cow-calf producer may be accomplished by markets offering premiums for participation or penalties for non-participants. Our analysis also suggests that producers in classes 1 and 3 have preferences generally consistent with USDA's goals, whereas producers in class 2 are likely to strongly resist efforts to meet USDA's current traceability goals.
Producer welfare effects
Producer welfare effects were estimated reflecting the amount necessary to make a producer equally well-off in two alternative situations that cow-calf producers may face in future. More specifically, situations in which producers face all three traceability options (i.e. NAIS, Advanced and No Traceability) vs. situations in which the No Traceability option is removed or both No Traceability and Advanced Traceability are removed were considered. The latter case would be a situation of mandatory NAIS Traceability. These remain realistic possibilities, making them valid scenarios to consider.
Welfare estimates utilising the MNL model (Table 5) suggests removal of the No Traceability option results in an estimated welfare loss of $9.82 per animal for the representative producer, whereas imposing mandatory NAIS generates a welfare (Table 5) , the welfare estimates were calculated for three distinct producer classes. Producers in class 1 would experience a welfare loss of $2.32 per animal if the No Traceability option was removed and face a welfare loss of $19.10 per animal if NAIS was the only option available. Class 2 producers are far more negatively impacted by reduced choice sets. These producers face a welfare loss of $89.89 per animal for the removal of No Traceability and a welfare loss of $118.82 per animal for a situation in which only mandatory NAIS is available.
12 Class 3 producers would have a welfare loss of $0.76 per animal if the No Traceability option was removed or if the No Traceability and Advanced Traceability options were both removed.
Comparison of welfare effect estimates across the two models shows notable differences. The segmentation of the LCM reveals varying degrees of the welfare effects, as producers in class 1 experience relatively small impacts when only losing experience relatively large welfare effects for both situations that exceed those of the other two LCM classes and those suggested by the MNL. Collectively, these results provide further evidence for the importance of model specification and consideration of producer preference heterogeneity. Moreover, these estimates are consistent with the mixed success that USDA has had to date in obtaining voluntary participation in NAIS.
Implications
The results and associated inferences regarding producer preferences provide an improved understanding of how traceability systems should be designed and promoted in order to improve voluntary participation rates. To summarise the implications of the WTC findings, two specific cases that may benefit from this research are discussed. The first case would be a scenario of developing a voluntary traceability system that is fairly similar to NAIS in that there are limited 'additional information pieces' required for producer participation. The purpose of a heavily structured (e.g. little to no variability in the trade-off between participation requirements and per animal compensation) traceability system could be to enhance the entire industry's ability to quickly identify and contact animal premises, promote animal identification and develop animal movement and tracing capabilities. These goals would be consistent with those of animal health management and response objectives held by USDA in developing and promoting NAIS.
Alternatively, more advanced systems that enable producers or firms further down the supply chain to use traceability information could be designed as marketing tools. For instance, a traceability system could be designed to capture the production practice information most desired by a select consumer group. Provision of this information would require cooperation and compensation of all players in the supply chain, with benefits reflecting the perceived final market value of the information to consumers. For a producer this traceability information would give added value to the cattle they market, in exchange for their willing participation. For a retailer this traceability information provides value as consumers may be willing to pay for these added attributes.
Our results suggest that developers of a system who are primarily interested in achieving participation rate goals (e.g. as opposed to alternative national herd health goals held by USDA) can expect systems with managing entities being private and not within the industry to enhance participation by producers. Furthermore, given that NAIS implicitly has government management, these results suggest that producer participation may have been higher with private management. However, care should be taken in this assessment as the USDA, in managing NAIS, certainly has objectives beyond simply maximising voluntary participation rates (e.g. animal herd health surveillance and response ability enhancement). Nonetheless, the results indicate a trade-off of participation rate and managing entity does exist for cow-calf producers.
In designing a private traceability system, altering the composition of the additional information required for participation is found to significantly impact voluntary participation. Advanced systems that only require production practice information or performance ⁄ genetic information, as opposed to age verification, would be supported. Producers would require significant premiums to provide age verification as opposed to production practice information and performance ⁄ genetic information. As such, the cost of requiring producers possessing these preferences to provide age verification seem likely to outweigh the benefits of increasing the participation in many systems. Therefore, traceability system designers need to carefully outweigh the anticipated benefits of this age verification information (e.g. enhanced value of marketing verified younger animals) with the compensation that may be required to get producers to participate. Producers have a preference for providing age verification as opposed to health records. This suggests that for systems considering verification of animal health throughout the supply chain to be a higher priority than age verification, target marketing may be needed.
The welfare effect estimates of $89.89 and $118.82 per animal for removing the No Traceability option and imposing mandatory traceability, respectively, may be large enough that increasing support for traceability or mandatory traceability would not be feasible in class 2 (i.e. producers who do not have registered premises and hold a strong preference for No Traceability). Stated differently, these large estimates suggest that these producers will probably not be willing to voluntarily participate in any traceability system. A prerequisite of their participation may well be a market characterised by mandated traceability, either by the government of the private sector that simply chooses to no longer accept untraced animals. However, producers in class 2 only comprise 22% of the representative producers. Thus, it is conceivable that the USDA could increase the level of participation to 78% by targeting producers in classes 1 and 3. Participation in NAIS or advanced traceability systems could be improved by offering relatively small premiums to producers for participation in traceability systems. Alternatively, discounts for non-participation by the marketplace may achieve a similar increase in participation. Nonetheless, from an animal herd health perspective, it seems optimistic to assume that 'all animals are equal' in the need to be included in nationwide traceability systems. That is, having NAIS simply targeting the 'easiest 78% of producers' to meet enrolment goals may not be ideal from a national herd health and animal disease perspective.
The welfare effect estimates, and associated inferences regarding implications of producers' realising a reduced set of voluntary system options (e.g. being forced to participate in either Advanced Traceability and ⁄ or NAIS), provide an improved understanding of how requiring traceability or imposing mandatory NAIS affects producers differently.
Conclusions
With traceability becoming ever more important within the beef industry for verification of animal health as well as marketing purposes, the need for traceability systems that are attractive to producers as well as meet the goals that they were designed for is evident. Traceability systems that are most aligned with the preferences of cow-calf producers will enjoy higher voluntary participation. Subsequently, a majority of the past research has sought to analyse consumers' preferences towards voluntary traceability systems; however, there has been little research on producers' preferences towards these same traceability systems.
This article utilised models examining cow-calf producers' preferences for traceability systems and system attributes. Heterogeneity does exist between cow-calf producers and their preferences for traceability systems. Producers were found to be sensitive to price, managing entity and information requirements in comparing voluntary traceability systems. We also found voluntary participation in traceability programmes to be influenced by markets offering premiums for participation or penalties for non-participants. Furthermore, removal of traceability options contributes negatively to the economic welfare of all producers but especially those producers with strong preferences to avoid governmental interaction or provision of additional information about their operations.
This work should be beneficial to private entities interested in recruiting cow-calf producers into advanced traceability programmes. Results should also be valuable to USDA personnel in future resource allocations aimed at improving NAIS participation rates, in examining producer welfare effects of mandatory traceability regulations and other issues hinging on heterogeneous preferences of livestock producers. The welfare effects of alternative legislative adjustments provided here should be compared in future work examining the relationship with 'the cost of doing nothing', such as the industry-wide effects of not having traceability systems in place mitigating animal health and related risks (Tonsor and Schroeder, 2006) . Such work should shed additional light on the inherent public good, industry-wide consequences of relying on a voluntary adoption system aimed at highly heterogeneous producers. Future work would be well served to examine other sectors (e.g. background or feedlot) of the cattle supply chain and other species (e.g. swine or poultry) at the heart of livestock traceability discussions in the USA. Moreover, the framework demonstrated here with US cow-calf producers could valuably be extended to livestock producers in other countries facing alternative national animal identification or traceability programmes. That is, producers in the European Union, Canada, Australia and Brazil each face different situations worthy of comparable investigation. traceability systems. For your information in interpreting the alternative traceability options please carefully read the following descriptions: NAIS Traceability: refers to the National Animal Identification System (NAIS).
• The NAIS program consists of three components:
s Premise registration requires you to provide basic contact information. s Animal identification provides you with a uniform numbering system for identifying your animals and linking them to a birthplace ⁄ premises of origin.
s Animal tracing allows you to choose an animal tracking database (owned and operated by private industry groups or States) and report certain animal movements that might pose a significant risk of disease transmission.
• USDA ensures producers that it will protect private information from disclosure.
Advanced Traceability: Same basic participation requirements as NAIS Traceability but also requires additional information which may include:
• Age Verification s Production Practice Information (e.g. growth hormones and grass-fed diets) s Performance ⁄ Genetic Information • Health Certifications ⁄ Vaccinations Records s Random verification audits would be required to further validate consistency between on-farm practices and information maintained within the traceability system.
The entity managing each traceability system may take one of three forms:
• Government: entity such as the USDA;
• Private-Industry: entity specialises in traceability specifically for the beef industry;
• Private-Not Industry: entity specialises in traceability for multiple livestock species.
In addition to differences in requirements and goals of these alternatives, these options differ in terms of the premium or discount (per head sold) you would receive by selecting that alternative. These price adjustments to the market price range from discounts of up to $15 per head to premiums of up to $15 per head. Negative numbers indicate discounts and positive numbers indicate premiums.
